Original Article 



Mutational Status of FGFR3 in Oral Squamous Cell Carcinoma 



P. Motahhary 1 , F. Baghaie 2 , S. Mamishi 3 , B. Pourakbari 4 ,S. Mahmoudi 4 , P. Amini Shakib 



5# 



'Assistant Professor, Dental Research Center of Tehran University of Medical Sciences, Tehran, Iran 

2 Associated Professor, Oral and Maxillofacial Pathology Department, Dental School of Tehran University of Medical Sciences, 
Tehran, Iran 

3 Professor, Pediatrics Infectious Diseases Research Center of Tehran University of Medical Sciences, Tehran, Iran 
Pediatrics Infectious Diseases Research Center of Tehran University of Medical Sciences, Tehran, Iran 

'Assistant Professor, Oral and Maxillofacial Pathology Department, Dental School of Babol University of Medical Sciences, Babol, 
Iran 



" Corresponding author: 
P. Amini Shakib, Department 
of Oral and Maxillofacial Pa- 
thology, Dental School of Ba- 
bol University of Medical 
Sciences, Babol, Iran 
pouyanshakib @ yahoo.com 

Received: 7 December 2011 
Accepted: 21 January 2012 



Abstract 

Objective: Head and neck squamous cell carcinoma, including oral squamous 
cell carcinoma (OSCC) is the sixth most common cancer in the human popula- 
tion. Despite significant efforts committed in treatment of OSCC the overall sur- 
vival rate of OSCC has not improved significantly. Activating mutations in the 
fibroblast growth factor receptor 3 (FGFR3) genes are responsible for some hu- 
man cancers, including bladder and cervical carcinoma. Despite a high frequency 
in some benign skin disorders, FGFR3 mutations have not been reported in cuta- 
neous malignancies. Therefore, FGFR3 gene may play a role in epithelial biology 
and mutations of FGFR3 gene may contribute to the development of OSCC. 
Materials and Methods: In this cross-sectional study, DNA was extracted and 
purified from snap frozen tissue biopsy sections of 20 OSCC cases. Exons 7 and 
15 were amplified by polymerase chain reaction (PCR) and sequenced in both di- 
rections. 

Results: In three cases silent mutations were identified in exon 7 (882 T to C) 
which may be introduced as Single Nucleotide Polymorphism (SNP) and no mu- 
tation was identified in exon 15. 

Conclusion: FGFR3 gene mutation in exon 7 and 15 has no significant role in the 
development and progression of OSCC. Analyzing other exons or considering 
other advanced gene mutation assessment techniques may clarify the role of this 
receptor mutation in OSCC pathogenesis. 
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INTRODUCTION 

Head and neck squamous cell carcinoma 
(HNSCC), including oral squamous cell carci- 
noma (OSCC), is the sixth most common ma- 
lignancy worldwide and the third most com- 
mon cancer in developing countries [1]. 
In Iran, although registered statistical reports 
do not include HNSCC in the ten most com- 



mon cancers among Iranian population but 
consider it as a frequent malignancy in the 
head and neck region [2] . 
The survival rate of patients with HNSCC has 
not improved significantly despite the im- 
provement of treatment modalities. 
Therefore, recent studies have focused on mo- 
lecular target therapies instead of conventional 
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combination of surgery and radiation therapy 
[3]. Fibroblast growth factor receptor 3 
(FGFR3) is a well-known member of growth 
factor receptors with tyrosine kinase activity 
which binds to its specific ligands with high 
affinity [4]. 

Like other receptors with tyrosine kinase activ- 
ity, it is composed of an extracellular domain 
that binds to the ligands; a transmembrane 
domain, placed in the cytoplasmic membrane 
and an intracellular domain which is responsi- 
ble for tyrosine kinase activity of the receptor 
[5]. 

The extracellular region of FGFR contains 
three immunoglobulin-like (Ig-like) domains. 
To produce various extracellular regions, 
FGFR3 associated mRNA undergoes different 
splicing in the posttranscriptional level [6]. 
Specific germline mutations, mainly localized 
in exons 7, 10, 12, 15 and 19, considered as 
the main etiologic factor in some kinds of hu- 
man skeletal disorders [7]. These disorders 
include craniosynostoses and chondrodyspla- 
sias, such as hypochondroplasia, achondropla- 
sia, severe achondroplasia with developmental 
delay and acanthosis nigricans (SADDAN), 
and thanatophoric dysplasia (TD) [8]. Similar 
but somatic FGFR3 mutations are observed in 
various benign skin tumors such as seborrheic 
keratoses and epidermal nevi and also in can- 
cers like multiple myeloma and epithelial ma- 
lignancies (bladder and cervix carcinomas) [9] . 
Recently, the functional roles of FGFR3 muta- 
tions in the development of actinic cheilitis 
and cutaneous squamous cell carcinoma have 
been proposed [4]. Although recently in addi- 
tion to numerical and structural chromosomal 
disorders [10] FGFR3 point mutations have 
been reported in 62% of OSCC cases [11], it 
seems that complementary studies are needed 
to clarify the role of FGFR3 mutations in the 
pathogenesis of OSCC. In the present study, 
we investigated the presence of FGFR3 muta- 
tions in exons 7 and 15 of oral squamous cell 
carcinoma samples. 
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MATERIALS AND METHODS 

Tissue specimens and clinical data: 
Snap frozen tissue biopsies of OSCC (n = 20) 
cases were retrieved from Iran National Tumor 
Bank which is funded by the Cancer Institute 
of Tehran University. 

All cases were assessed for suitability of DNA 
analysis. Clinical data, including patient de- 
mographics, grading and staging (based on 
Neville et al. [14] classification) were re- 
trieved from the institute (Table I). 

DNA extraction & PCR: 
DNA was extracted using the Accu®Prep Ge- 
nomic DNA Extraction kit (Bioneer Corp., 
Seoul, South Korea) by the protocol supplied 
by the manufacturer. 

For the PCR procedure, primers were designed 
to amplify exons 7 and 15 of the FGFR3 gene, 
regions known to harbor mutations in other 
cancers. 

Primers were as follows: 
Exon 7: 5'- 

AGTGGC GGTGGTGGTG AGGG AG - 3' and 
5'- 

CTGCAAGGTGTGTACAGTGACGCACA - 

3'; 

Exon 15: 5'- 

GTGACCGAGGACAACGTGATG -3' and 
5 ' - GGTG AGTGTAG ACTC GGTC A A A - 3'. 
Primer sequences were created using previous 
study data [12]. PCR was performed using 
Premix Taq TM Hot Start Version master mix 
(Takara Bio. Inc., Japan). PCR was carried out 
with the following cycling conditions: 

- Exon 7: One cycle at 95 °C for 2 minutes and 
30 cycles at 95 °C for 30 seconds (denatura- 
tion), 58°C for 30 seconds (annealing) and 
72°C for 50 seconds (extension) followed by 
one cycle at 72°C for 5 minutes. 

- Exon 15: One cycle at 95 °C for 2 minutes 
and 30 cycles at 95 °C for 30 seconds (denatu- 
ration), 61°C for 30 seconds (annealing) and 
72°C for 50 seconds (extension) followed by 
one cycle at 72°C for 5 minutes. 
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The PCR products were visualized after elec- 
trophoresis in 2% agarose to isolate and con- 
firm fragments of the expected size. 

DNA sequencing: 

Using the Accu®Prep Genomic DNA Extrac- 
tion kit, the PCR products were isolated and 
then sent to Millegene DNA Sequencing Ser- 
vice (Toulouse, France) for sequencing. 
Sequencing was performed in both directions 
using the same PCR primers. 
Each exon analysis was performed using Ex- 
PAPy-UniProt Knowledge base: Swiss-Prot 
and TrEMBL. 

RESULTS 

Exons 7 and 15 of the FGFR3 gene were suc- 
cessfully extracted from OSCC cases. In three 
cases (3 of 20) silent mutations were identified 
in exon 7. None resulted in aminoacid 
changes. All these mutations contained T to C 
substitution at nucleotide 882 and amino acid 
position 294 (Fig I). No mutation was identi- 
fied in exon 15 (Table II). 

DISCUSSION 

Demographic studies have shown that oral and 
oropharyngeal squamous cell carcinomas 
represent 3% of cancers in men and 2% of 
cancers in women. In addition, these kind of 
cancers represent approximately 2% of the 
total death in men and 1% in women [13]. 
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Although OSCC treatment strategies vary 
based on the stage and location of the cancer, 
wide surgical excision followed by radiothera- 
py is still considered as the main core of 
treatment. Based on the tumor stage, the 5- 
year disease-free survival rate for intraoral 
carcinoma will be 76%, if metastasis does not 
occur by the time of diagnosis (stage I and II), 
41% when the cervical nodes are involved 
(stage III) and only 9% when metastasis below 
the clavicle is present (stage IV) [14]. 
Because of high mortality and morbidity asso- 
ciated with conventional treatment of OSCC, 
new therapeutic strategies are focused on mo- 
lecular targeted therapies, especially against 
epidermal growth factor receptors (EGFRs). 
So, it is recommended to consider monoclonal 
antibodies and tyrosine kinase inhibitors 
(TKIs) in the chemotherapeutic regimen to 
improve treatment effectiveness and reduce 
post-surgical morbidity [15, 16]. Recent stu- 
dies have introduced another receptor with ty- 
rosine kinase activity, Fibroblast Growth Fac- 
tor Receptor (FGFR), which may be consi- 
dered as a target for molecular therapy. Al- 
though somatic mutations of FGFRs are re- 
ported in several other benign and malignant 
neoplasms including multiple myeloma, blad- 
der carcinoma, cervix carcinoma, non-small 
cell lung cancer and benign skin epidermal 
tumors [9, 17-19], only in urothelial cell carci- 
nomas FGFRs, especially FGFR3, have been 
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introduced as a biomarker and potential thera- 
peutic target [17]. 

In the present study, we analyzed exons 7 and 
15 of FGFR3 gene to identify novel mutations 
in OSCC lesions which would lead to structur- 
al change and constitutive activation of the 
receptor. These exons were selected because 
previous studies have introduced exons 7, 10, 
12, 15 and 19 as common mutation sites in re- 
lated lesions [7]. 

Exon 7 encodes for the linker region between 
Ig v -like domains II- III in the extracellular li- 
gand-binding domain; whereas, exon 15 is in- 
volved in the synthesis of the intracellular ty- 
rosine kinase domain II [5]. 
We observed T-to-C transition of nucleotide 
882 in three cases (3 out of 20) localized in 
exon 7. Both wild type and mutational codons 
encode the same amino acid (aspargine) and 
consequently this mutation has no significant 
effect on the receptor structure or function, so 
we may call it as a "silent mutation". 
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One recent study [4] has reported the same 
mutation in SCC arising in actinic cheilitis 
(AC) and one additional missense mutation 
(753 C-to-T) in another SCC case. All these 
mutations are localized in exon 7. Although 
they additionally reported one missense and 
two silent mutations in AC cases, they did not 
interpret them without considering mutations 
observed in exons 15 and 17. Besides, Zhang 
et al. [11] did not report any mutation in exon 
7 of OSCC cases using PCR-SSCP analysis 
method. We did not observe mutations re- 
ported by Chou et al. [4] in exon 15. They 
showed one missense mutation in SCC arising 
in AC and three mutations, one missense and 
two silent, in AC cases. The authors declared 
that the higher frequency of missense muta- 
tions in the early stage of SCC arising in AC 
may help in the early detection of malignancy 
transition potential of premalignant lesions and 
this issue would be relevant to possible target 
therapy. 



Table I. Clinical data of the cases 



Case 


Sex 


Age 


Site 


Smoking Status 


1 


F 


23 


T 


No 


2 


M 


49 


T 


Yes 


3 


M 


49 


T 




4 


M 


35 


T 


No 


5 


M 


63 


T 


Yes 


6 


M 


64 


T 


No 


7 


M 


53 


G 


No 


8 


M 


79 


T 


No 


9 


M 


64 


T 


No 


10 


M 


72 


T 


No 


11 


F 


76 


G 


Yes 


12 


M 


25 


T 


No 


13 


M 


73 


T 




14 


M 


72 


B 


No 


15 


F 


32 


T 


No 


16 


M 


54 


HP 


No 


17 


M 


52 


G 


Yes 


18 


M 


75 


B 


Yes 


19 


M 


79 


FL 


Yes 


20 


F 


64 


T 


No 


T: Tongue; G: Gingiva, 


B: Buccal mucosa; 


HP: Hard Palate; FL: Floor of the mouth 
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In addition, in another viewpoint, the different 
mutational status observed between our results 
and their results may describe the different pa- 
thogenesis of OSCC and carcinoma of the lip, 
considering activating FGFR3 mutations as a 
receptor with tyrosine kinase activity. Similar 
to this conclusion has been made in other ma- 
lignancies. For example Ware et al. [19] di- 
vided non-small cell lung cancers (NSCLCs) 
into two separate categories; the lesions in the 
first category respond to treatment with EGFR 
tyrosine kinase inhibitors (TKIs) such as im- 
atinib, but the lesions in the second category 
develop resistance against TKIs and relapse; 
so the authors suggested combination therapy 
of EGFR and FGFR TKIs as a more efficient 
treatment for patients with NSCLCs. In the 
present study we did not analyze exon 17, but 
Zhang et al. showed a constitutive activating 
mutation of FGFR3 in 62% of oral squamous 
cell carcinoma cases. 



They observed cases containing G697C muta- 
tion with enhanced tyrosine kinase activity 
compared to non-mutated cases and introduced 
this somatic mutation as a diagnostic or prog- 
nostic factor [11]. 

Despite the previous study, Chou et al. found 
only one missense mutation in AC without any 
dysplasia and one silent mutation in SCC aris- 
ing in AC. Furthermore, considering mutations 
in exons 7, 15 and 17, they suggest activating 
FGFR3 mutations as a target for molecular 
therapy with small molecular tyrosine kinase 
inhibitors such as PD 173074, SU5402 and 
PKC41230 which are in phase II trial studies 
[4]. 

Such controversial results have been demon- 
strated in other malignancies. For example, 
although Wu et al. introduced somatic muta- 
tions of FGFR3 in cervical carcinomas, they 
emphasized that it may not be as common as 
initial studies reported [20] . 



Table II : Fibroblast growth factor receptor 3 (FGFR3) mutational status in Oral Squamous Cell Carcinoma (OSCC) 



Case 


Sex 


Age 


Stage 


Exon 


Mutation 


AA change 


1 


F 


23 


II 








2 


M 


49 


III 








3 


M 


49 


I 








4 


M 


35 


IV 








5 


M 


63 


III 


7 


882 T to C 


294(Si) 


6 


M 


64 


II 








7 


M 


53 


IV 








8 


M 


79 


III 








9 


M 


64 


III 








10 


M 


72 


I 


7 


882 T to C 


294(Si) 


11 


F 


76 


IV 








12 


M 


25 


IV 








13 


M 


73 


IV 








14 


M 


72 


II 


7 


882 T to C 


294(Si) 


15 


F 


32 


IV 








16 


M 


54 


II 








17 


M 


52 


IV 








18 


M 


75 


IV 








19 


M 


79 


I 








20 


F 


64 


I 









AA, Amino acid; Si, Silent 



2012; Vol. 9, No. 1 



11 



Published by "Tehran University of M edical Sciences" (www.tums.ac.ir) 



Journal of Dentistry, Tehran University of Medical Sciences 



Zuivarloon et al. did not confirm the presence 
of FGFR3 mutations in prostate tumors which 
was reported in the previous studies. They 
suggested a minor role of these mutations to 
select patients for conservative management 
[21]. However, the process began initially with 
identifying FGFR3 germline mutations in ske- 
letal disorders [22, 23] and was continued until 
the recognition of somatic mutation at the 
same location in various cancers, especially 
urothelial carcinomas and multiple myeloma 
[24, 25]. This is not the end of progression. In 
summary, although we did not find any acti- 
vating FGFR3 mutation in exons 7 and 15 in 
snap frozen tissue biopsies of OSCC cases, it 
seems analyzing other exons or considering 
other advanced gene mutation assessment 
techniques could be helpful to clarify the role 
of these receptor mutations in OSCC pathoge- 
nesis. 
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